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Abstract: The more than 700 m thick carbonate succession of Gotland represents the erosional remnants of a vast 
carbonate platform system that formed in the Baltic basin during the Silurian Period. This thesis focuses on the 
stratigraphy and carbonate microfacies of the Tallbacken-1 core that was drilled at Stora Vede by the Swedish 
Geological Survey in 2006. Carbonate microfacies analysis of the core along with gamma ray log data from the 
well form basis for interpretation on the depositional environment for the rocks and the evolution of the carbonate 
platform complex through the corresponding time interval. The five recognized carbonate microfacies associations 
correspond to five depositional environments. This can be seen in the following ascending order in the core: low 
energy outer ramp, moderate energy middle ramp, high energy reef slope, high energy reef belt and a relatively low 
energy lagoonal setting. In addition, 176 whole-rock samples were collected and used for δ13C analysis to constrain 
the stratigraphy of the core due to the lack of biostratigraphic data. The identification of the Early Sheinwoodian 
Isotope Carbon Excursion (ESCIE) in the δ13C data suggests that the base of the Tallbacken-1 core belongs pre-
dominantly in the lowermost Slite Group and that the bottom of the core is possibly close to the Hangvar Formation
-Slite Group boundary. The deposition of these strata corresponds in time with the later parts of the Ireviken Event. 
Microfacies analysis reveals a carbonate platform that prograded into deeper waters and was terminated by a rela-
tive sea-level lowstand when minor karstification occurred.  
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karbonatplattformar som bildades i den Baltiska bassängen under silurperioden. Detta arbete fokuserar på 
stratigrafin och bergarterna i borrkärnan Tallbacken-1 som togs upp vid Stora Vede av Sveriges geologiska 
undersökning år 2006. Analys av kalkstenens mikrofacies tillsammans med analys av geofysiska data (gamma ray) 
från borrhålet ligger till grund för tolkning av depositionsmiljön och utvecklingen av karbonatplattformen under 
motsvarande tidsintervall. Fem identifierade mikrofaciesassociationer motsvarar fem olika depositionsmiljöer. 
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1  Introduction  
 
In comparison with the abrupt climatic changes 
and mass extinction of the terminal Ordovician, 
the Silurian Period was for many years 
considered as being a stable and quiet time 
interval during the Phanerozoic Eon. Extensive 
epeiric seas stretched across the paleocontinents 
and carbonate platforms expanded in shallow seas 
where climate and environmental conditions were 
favorable (Bickert et al. 1997; Munnecke et al. 
2010).    
 In contrast, a great number of 
sedimentological, paleontological and 
geochemical studies over the last 25 years have 
showed that the period was much more volatile 
than previously thought (Munnecke et al. 2003; 
Calner et al. 2004; summarized in Calner 2008). 
Research on the stable carbon and oxygen 
isotopes of Silurian rocks and fossils points 
toward a highly unstable ocean–atmosphere 
system (Samtleben et al. 1996; Saltzman, 2001; 
Kaljo et al. 2003). Positive carbon isotope 
excursions of early Wenlock, late Wenlock, late 
Ludlow ages and at the Silurian–Devonian 
boundary clearly reflect major changes in the 
ocean-atmosphere system in the relatively short 
Silurian period in comparison to other systems of 
the Phanerozoic Eon (Munnecke et al. 2010).  
The magnitude of those excursions is very high in 
contrast to those from the Mesozoic and 
Cenozoic, however the mechanisms responsible 
are not entirely clear (Munnecke et al. 2010). 
 A long series of studies (Jeppsson, 
1990,1997; Aldridge et al. 1993; Jeppsson and 
Männik, 1993; Loydell, 1993,1994; Calner and 
Jeppsson, 2003; Calner, 2005; Calner 2008; 
Cramer et al. 2010b; Melchin et al. 2012; 
Jarochowska and Munnecke 2015; Trotter et al. 
2016; among others) show that marine life was 
exposed to multiple biodiversity crises and 
extinctions in the Silurian. Those extinctions were 
closely related to sea level fluctuations and 
changes in the global carbon cycle (Calner 2008). 
The organisms that were impacted the most were 
graptolites, conodonts, chitinozoans, acritarchs, 
brachiopods, and reefs (Calner, 2008). 
 In chronological order, the three major 
extinctions during this period were the early 
Silurian Ireviken Event, the middle Silurian 
Mulde Event, and the late Silurian Lau Event. 
Those extinctions have been studied thoroughly 
in multiple locations around the globe although 
the Silurian rocks of Gotland has been a focal 
point of interest for many years (Jeppsson et al. 
1995; Jeppsson and Calner 2002; Munnecke et al. 
2003, 2010; Valentine et al. 2003; Brand et al. 
2006; Cramer et al. 2006; Calner, 2005, 2008; 
Eriksson et al. 2009, among others). Support for 
extinctions are evident through many studies, but 
comparable studies on the following recovery 
periods are scarce.  
 The aim of this master project is twofold. 
The first goal is to construct a profile and 
document the variations in carbonate microfacies 
through the early Wenlock of the Tallbacken-1 
core, which was drilled in northwestern Gotland 
in 2006. The microfacies analysis forms a basis 
for the reconstruction of the evolution of the local 
paleoenvironment along with interpretation of 
relative sea level variations. According to 
Johnson (1996) and Loydell (1998) it is possible 
to see small fluctuations in relative sea level by 
close examination of the lithology, occurrences of 
hiatuses, facies movements, and changes within 
the environment of deposition on stable 
platforms. Following this methodology, an 
approach has been taken to better understand the 
time frame represented by the core section being 
studied; one of the questions being addressed is 
whether the core section includes the Ireviken 
Event or not. 
 The second task is to establish a high-
resolution δ13C stratigraphy of Tallbacken-1 core 
in order to facilitate correlation of the correspond-
ing succession with more remote sections. δ13C 
stratigraphy has become increasingly important 
within the field of stratigraphy over the last 20 
years, especially within the Silurian System 
Fig. 1. Paleographic map of the Baltoscandian Basin 
showing the location of the studied Tallbacken core (1) 
(modified from Jaanusson 1995).  
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(Kaljo and Martma, 2006). Variations in the δ13C 
excursions represent a disturbance within the 
global carbon cycle and climate itself (Cramer 
and Saltzman, 2005).  
 
2 Geological setting and 
stratigraphy  
 
In the early Silurian, the collision of Baltica and 
Laurentia took place starting the Scandian part of 
the Caledonian Orogeny (Baarli et al. 2003). At 
this time, the marine sediments, now forming 
Gotland, were deposited in the eastern parts of the 
Baltic basin. The basin was established on a 
Precambrian basement with a very low relief and 
had a moderate dip in southeastern direction 
(Baarli et al. 2003). During that time, the closing 
of the Tornquist Sea took place along with the 
thrusting of eastern Avalonia above the edge of 
Baltica (Mona Lisa Working Group, 1997). At 
that point, Gotland was located southeast of the 
Norwegian-Swedish Caledonides, in the south 
parts of Fennoscandian shield and northeast of  
German-Polish Caledonides. (Fig. 1). 
 All of the bedrock on Gotland is of Silurian 
age. It consists of reef and associated stratified 
limestone, marlstone and subordinate siltstone 
and sandstone (Hede, 1960). Strata is lying 
mostly horizontally with a dip angle of less than 
1° (Fig. 2; Calner and Jeppsson 2003). Due to the 
south-eastern dip of strata, the exposed 
succession on Gotland is oldest in the 
northwestern part of the island and becomes 
progressively younger towards the southeastern 
part of the island. 
 The succession on Gotland has been 
divided into thirteen topostratigraphic units by 
Hede (1960). He mapped the chief part of 
Gotland bedrock for the Swedish Geological 
Survey starting in 1921 (continued in 1929 and 
summarized in Hede 1960).                                                                                                    
The units recognized by him, starting from the 
oldest are: Lower Visby, Upper Visby, Högklint,, 
Tofta Beds, Slite Beds, (those above Slite not 
studied in this paper) Halla Beds, Mulde Beds, 
Klinteberg Beds, Hemse Beds, Eke Beds, 
Burgsvik Beds, Hamra Beds and Sundre Beds. 
Nowadays all the units mentioned above have a 
formation or group status (Fig. 3). In addition to 
the units defined by Hede, Calner (1999) defined 
and introduced the Fröjel Formation and Jeppsson 
(2008) defined and introduced the Hangvar 
Formation.  
 
3 Materials and methods 
  
The Tallbacken-1 core was retrieved at Stora 
Vede, ca 6.5 km southeast of Visby by the 
Swedish Geological Survey (SGU) in December 
2006. The length of the core is 50.28 m and the 
diameter is 42 mm. The gamma ray data was 
collected shortly by SGU after drilling by Lund 
Technical university (Calner 2015 personal 
communication). The gamma ray log was used to 
help interpret sedimentary facies and help to 
understand the depositional environment. The 
lithology and faunal composition were 
investigated from nineteen thin sections (44.24m- 
3.66m) using a polarized light microscope. All 
the rock samples were cut in half, polished and 
studied using hand lens of 10x and 20x 
magnification along with a standard optical 
microscope. Dunham classification (1962) was 
used for classification of the various carbonate 
microfacies. Sampling for δ13Ccarb data was con-
ducted in June 2014 using a hand-held micro-drill 
with 2 mm-sized bits. Sampling was done by aim-
ing at micritic matrix and the avoidance of larger 
bioclasts or calcite veins.   
 A total of 176 samples were taken in ap-
proximately 0.3 m intervals throughout the entire 
core. All δ13C samples were analyzed in the stable 
isotope lab of Michael Joachimski at GeoZentrum 
Nordbayern in Erlangen, Germany (Table 1).  
Fig. 2. Geological map of Gotland with the position of drill 
site  (modified from Calner and Jeppsson 2004). 
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Sample No.    δ13C ‰          Depth (m)                         Sample No.    δ13C ‰         Depth (m)                        Sample No.   δ13C ‰          Depth (m) 
 
 
Tal 1 
 
2.19 
 
50.13 
 
Tal 65 
 
-0.58 
 
31.615 
 
Tal 129 
 
0.75 
 
13.36 
Tal 2 1.87 49.78 Tal 66 -0.24 31.335 Tal 130 0.56 13.1 
Tal 3 1.50 49.43 Tal 67 -0.34 31.06 Tal 131 0.47 12.82 
Tal 4 1.30 49.21 Tal 68 -0.29 30.815 Tal 132 0.51 12.535 
Tal 5 1.77 50.13 Tal 69 -0.41 30.525 Tal 133 0.49 12.335 
Tal 6 1.40 50.13 Tal 70 -0.20 30.325 Tal 134 0.51 12.055 
Tal 7 1.31 50.13 Tal 71 0.06 30.045 Tal 135 0.58 11.8 
Tal 8 1.11 48.12 Tal 72 0.14 29.745 Tal 136 0.61 11.525 
Tal 9 0.58 47.73 Tal 73 0.09 29.43 Tal 137 0.63 11.265 
Tal 10 1.05 47.465 Tal 74 -0.08 29.15 Tal 138 0.76 10.975 
Tal 11 0.60 47.215 Tal 75 0.19 28.89 Tal 139 0.49 10.665 
Tal 12 0.65 46.87 Tal 76 1.08 28.6 Tal 140 0.27 10.37 
Tal 13 1.57 46.625 Tal 77 0.18 28.38 Tal 141 0.03 10.08 
Tal 14 1.04 46.305 Tal 78 0.11 28.08 Tal 142 0.24 9.8 
Tal 15 1.12 46.045 Tal 79 0.03 27.805 Tal 143 0.28 9.53 
Tal 16 0.87 45.805 Tal 80 0.29 27.515 Tal 144 0.34 9.195 
Tal 17 0.13 45.435 Tal 81 0.12 27.24 Tal 145 0.27 8.915 
Tal 18 0.76 45.045 Tal 82 0.15 26.955 Tal 146 0.41 8.63 
Tal 19 -0.28 44.815 Tal 83 0.21 26.705 Tal 147 0.44 8.43 
Tal 20 -1.26 44.475 Tal 84 0.13 26.43 Tal 148 0.05 8.15 
Tal 21 -0.68 41.175 Tal 85 0.19 26.115 Tal 149 0.03 7.84 
Tal 22 -0.32 43.82 Tal 86 0.20 25.835 Tal 150 0.11 7.6 
Tal 23 -0.36 43.47 Tal 87 0.25 25.54 Tal 151 0.44 7.305 
Tal 24 0.23 43.115 Tal 88 0.27 25.265 Tal 152 0.33 7.03 
Tal 25 0.06 42.83 Tal 89 0.25 24.965 Tal 153 0.21 6.725 
Tal 26 -0.49 42.565 Tal 90 0.12 24.665 Tal 154 0.44 6.455 
Tal 27 -0.61 42.29 Tal 91 0.20 24.365 Tal 155 0.39 6.155 
Tal 28 -0.68 42 Tal 92 0.16 24.085 Tal 156 0.27 5.935 
Tal 29 -0.66 41.695 Tal 93 0.07 23.81 Tal 157 0.24 5.665 
Tal 30 -1.02 41.41 Tal 94 0.05 23.48 Tal 158 0.15 5.395 
Tal 31 -0.93 41.155 Tal 95 0.24 23.18 Tal 159 0.34 5.165 
Tal 32 -0.82 40.775 Tal 96 0.25 22.89 Tal 160 0.25 4.895 
Tal 33 -0.39 40.585 Tal 97 0.24 22.69 Tal 161 0.24 4.665 
Tal 34 -0.87 40.28 Tal 98 0.23 22.41 Tal 162 -0.04 3.92 
Tal 35 -0.74 40 Tal 99 0.25 22.105 Tal 163 -0.43 3.62 
Tal 36 -0.39 39.72 Tal 100 0.33 21.835 Tal 164 -0.67 3.32 
Tal 37 -0.37 39.45 Tal 101 0.39 21.595 Tal 165 -0.48 3.025 
Tal 38 -1.05 39.26 Tal 102 0.79 21.295 Tal 166 -0.19 2.74 
Tal 39 -0.06 38.86 Tal 103 0.68 20.985 Tal 167 -0.36 2.43 
Tal 40 -0.24 38.62 Tal 104 0.33 20.695 Tal 168 -0.30 2.135 
Tal 41 -0.59 38.32 Tal 105 0.46 20.42 Tal 169 -0.43 1.855 
Tal 42 -0.45 37.99 Tal 106 0.40 20.11 Tal 170 -0.33 1.585 
Tal 43 -0.51 37.73 Tal 107 0.64 19.84 Tal 171 -0.27 1.315 
Tal 44 -0.72 37.45 Tal 108 0.46 19.585 Tal 172 -0.19 1.035 
Tal 45 -0.41 37.17 Tal 109 0.51 19.27 Tal 173 -0.33 0.855 
Tal 46 -0.76 36.93 Tal 110 0.51 18.97 Tal 174 -0.44 0.54 
Tal 47 0.43 36.665 Tal 111 0.48 18.635 Tal 175 -0.30 0.27 
Tal 48 0.45 36.37 Tal 112 0.45 18.315 Tal 176 -0.59 0.01 
Tal 49 -0.23 36.075 Tal 113 0.47 18.045    
Tal 50 -0.48 35.84 Tal 114 0.34 17.735    
Tal 51 0.07 35.54 Tal 115 0.47 17.445    
Tal 52 0.20 35.22 Tal 116 0.73 17.165    
Tal 53 -0.63 34.97 Tal 117 0.62 16.875    
Tal 54 -0.44 34.685 Tal 118 0.46 16.61    
Tal 55 -0.69 34.42 Tal 119 0.56 16.275    
Tal 56 -0.60 34.14 Tal 120 0.53 15.985    
Tal 57 -0.63 33.87 Tal 121 0.56 15.73    
Tal 58 -0.73 33.57 Tal 122 0.72 15.415    
Tal 59 -0.60 33.275 Tal 123 0.54 15.12    
Tal 60 -0.55 32.995 Tal 124 0.51 14.82    
Tal 61 -0.40 32.715 Tal 125 0.77 14.51    
Tal 62 -0.49 32.39 Tal 126 0.59 14.26    
Tal 63 -0.58 32.155 Tal 127 0.72 13.95    
Tal 64 0.02 31.915 Tal 128 0.32 13.655    
 
Table 1.  176 δ13C samples and their analysis results from Tallbacken-1 core from Gotland, Sweden.  
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The samples were subsequently reacted with 
100% phosphoric acid (density >1.9) at 75o C us-
ing a Kiel online preparation line connected to a 
ThermoFinnigan 252 masspectrometer. All δ13C 
values are reported in permil relative to the V-
PDB by assigning a δ13C value of +1.95% to 
NBS19. Reproducibility for δ13C analyses was 
monitored by replicate analysis of laboratory 
standards and was better than ±0.04 % (1s). 
 
4 Latest Llandovery-Early 
Sheinwoodian stratigraphy of 
Gotland and the Early 
Sheinwoodian Carbon Isotope 
Excursion 
  
The core was drilled in the western central part of 
the Slite Group outcrop belt. However, the exact 
stratigraphical level of the core site is unknown. It 
is expected that the core could reach below the 
Slite Group into underlying formations due to the 
knowledge of the local geology and the dip of the 
strata. The underlying units include the Lower 
Visby, Upper Visby, Högklint, Tofta and 
Hangvar formations that all are outcropping along 
the northwestern coast of Gotland, which is only 
a few kilometers from the drill site. These 
formations have received substantial scientific 
attention due to the presence of the Ireviken 
Event (Jeppsson, 1997, 2008; Bicker et al. 1997; 
Munnecke et al. 2003; Eriksson and Calner, 2005; 
Cramer, 2010b; among others) and the associated 
Early Sheinwoodian Carbon Isotope Excursion 
(ESCIE) (Fig. 3) within this stratigraphic interval 
(e.g. Lehnert et al. 2010). The isotope excursion 
is a globally important geochemical marker 
which is useful for correlation of strata. On 
Gotland it starts in the Upper Visby Formation 
and continues to near the base of the Slite Group 
(Bickert et al. 2007; Lehnert et al. 2010; Cramer 
et al. 2010a, b; Cramer et al. 2015). 
 One part of this thesis is to address the 
stratigraphic range of the Tallbacken-1 core by 
comparing the stable isotope stratigraphy 
recovered from the core with previously 
published carbon isotope data from outcrops in 
the area. Cramer et al. (2015, fig. 4) subdivided 
ESCIE in a series of sequences based on the 
morphology of the curve - including conodont 
biostratigraphy, sequence stratigraphy and δ13C 
chemostratigraphy from Gotland, Sweden - into 
sequences IV – VIc, where sequence IV includes 
both Lower and Upper Visby Formations, 
sequence V covers Högklint Formation, sequence 
VIa includes Tofta Formation, sequence VIb 
corresponds to Hangvar Formation and sequence 
VIc begins at the Hangvar Formation-Slite Group 
boundary (Fig. 3). The falling limb of ESCIE 
starts in sequence VIa and continues into 
sequence VIc. 
 Below is a brief summary of the latest 
Llandovery through earliest Sheinwoodian 
stratigraphy of Gotland. 
 
4.1 Lower Visby Formation 
 
The Lower Visby Formation is the oldest Silurian 
stratigraphic unit on Gotland. The exposed thick-
ness, according to Munnecke et al. (2003), is at 
least 12 meters, the base not being exposed above 
sea-level.  
 The Lower Visby Formation consists of 
bluish-grey, thin bedded and soft marlstone alter-
nating with thin beds or lenses of greyish, argilla-
ceous limestone (Laufeld, 1974). Thin Halysites-
biostromes are present along with thin layers of 
brachiopod and bryozoan debris (Munnecke et al. 
2003). Based on lithology and paleontology 
Munnecke et al. (2003) determined that this se-
quence was deposited in a distal shelf environ-
ment and below storm weather wave base. The 
boundary between the Lower and Upper Visby 
formations represents a sudden change in facies 
(Samtleben et al. 1996). Jeppsson (1989) noted a 
highly diverse conodont fauna within the Lower 
Visby Formation. Jeppsson (1989) reported a dis-
appearance of a various species, above the last 
appearance datum of the rugose coral Palaeocy-
clus porpita, an index fossil for that formation. 
 A well-known ecostratigraphic marker 
horizon for the boundary between two Visby for-
mations is the Phaulactis sp.rugose coral bed, 
which has a wide distribution on Gotland 
(Samtleben et al. 1996; Adomat et al. 2016). The 
Phaulactis layer can be traced ca 50 km along the 
north-west coast of the island and is 20 cm thick 
on average, but was observed to be over 1 meter 
thick in the south-west (Adomat et al. 2016). The 
layer does not consist of only one single horizon 
of corals but various specimens of P. angusta that 
are occurring irregularly within the entire bed and 
form the Phaulactis layer (Adomat et al. 2016).  
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Fig. 3. Carbon isotope (δ13Ccarb) data from Gotland, Sweden. The Early Sheinwodian Carbon Isotope Excursion (ESCIE) 
starts near the Llandovery-Wenlock boundary and the lower boundary of the Upper Visby Formation. The black line represents 
mean δ13C values from brachiopod samples. The grey line represents δ13C values from the micritic component (matrix) of lime-
stone. VPDB – Vienna Pee Dee belemnite. Roman numerals (IV, V, VI) represent numbered sequence packages of the Silurian 
(modified from Cramer et al. 2010a, 2015).  
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4.2  Upper Visby Formation 
 
The Upper Visby Formation is between the 
underlying Lower Visby Formation and the 
overlying Högklint Formation. It is composed of 
stratified bluish-grey soft marlstone and thin beds 
of greyish argillaceous limestone (Hede, 1960). 
The bedding is more irregular compared to the 
Lower Visby formation with an increased 
occurrence of wackestone and greenstone 
(Adomat et al. 2016).  
 The formation is 12 meters thick and in the 
upper part composed of mostly detrital limestone 
(Munnecke et al. 2003). Samtleben et al. (1996) 
noted that local tabulate rugose corals and 
stromatoporoids formed low elevated reef 
mounds. Jeppsson (1989) estimated that the 
conodont fauna was diminished to a maximum of 
six species.  
 The bioclastic limestone present in this 
formation formed a base for the reef mounds and 
was deposited in elevated water energy 
conditions Munnecke et al. (2003). The Upper 
Visby Formation was deposited at a lesser depth 
and more proximal than Lower Visby Formation, 
between storm wave base and fair- wave base 
average (Adomat et al. 2016). 
 
4.3 Högklint Formation 
 
The Upper Visby Formation is overlain by the 
Högklint Formation, which is composed of 
crinoidal limestone and prominent reef limestone 
that locally forms sea-stacks (Laufeld 1974; 
Watts 1981; Watts and Riding, 2000). Bioherms 
present in this formation were mainly built up by 
stromatoporides and reached ca 15 meters above 
the sea floor (Watts 1981). The largest patch reefs 
of the Högklint Formation are 100 to 150 meters 
wide and can be apart from one another with 
spacing anywhere from 150 to 350 meters (Watts 
and Riding, 2000). The reefs are situated in the 
upper part of a shallowing sequence and present a 
thumb-tack morphology, where agradational 
bioherms grew at the lower part of the reef and 
developed into progradational biostromes (Watts 
and Riding, 2000). Laufeld (1974) divided the 
Högklint Formation into four subunits (a-d). Unit 
“a” is 15 meters thick and dominated by 
biohermal and crinoidal limestone. Unit “b” is 14
-15 meters thick and composed of conglomeratic 
limestone and argillaceous limestone interposed 
with greyish-brown marlstone. Unit “c” is 4-5 
meters thick according to Laufeld (1974) and 
consists of greyish to brownish grey limestone 
with stromatoporoids. Lastly, Unit “d” is only 
half a meter thick and known as Pterygotus or 
Palaeophonus nuncius beds. The latter unit is 
present only in the Visby area and characterized 
by black and reddish marlstone with reddish 
bituminous limestone (Laufeld, 1974). 
 The Pterygotus beds are characterized by 
well preserved fossils, in some cases even 
complete specimens of i.e. crinoid Gissocrinus 
verrucosus or starfish Urasterella ruthveni 
leintwardinensis (Franzen, 1979). An algal zone 
caps the Högklint Formation, forming a 0.3 - 0.6-
meter-thick band that is traceable in the Visby 
area (Riding and Watts, 1991). 
 
4.4 Tofta Formation 
 
The Tofta Formation is overlying the Högklint 
Formation and is overlain by the Hangvar For-
mation. It is composed of oncolitic limestone and 
carbonate buildups of biostromal character, creat-
ed predominantly by algae and stromatoporides 
(Samtleben et al. 1996). The formation is about 
15 meters thick (Calner et al. 2004) and thins out 
towards the northeast (Laufeld, 1974) and also 
towards southwest (Hede, 1960). The formation 
consists of light grey to brownish grey limestone 
with abundant Spongiostroma (Laufeld, 1974). 
The upper boundary of the Tofta Formation is an 
unconformity that can reach down to Högklint in 
the northeastern and western parts of Gotland 
where Tofta deposits are sometimes missing 
(Samtleben et al. 1996). The Tofta Formation was 
deposited in a restricted, marginal marine envi-
ronment (Hede, 1940).  
 
4.5 Hangvar Formation 
 
The Hangvar Formation is the most recent 
addition to the stratigraphy of Gotland and was 
introduced by Jeppsson (2008). It represents 
strata recognized in between the Tofta Formation 
and the Slite Group (Jeppsson 2008). Beds that 
were previously recognized as belonging to 
Högklint (Hede, 1940) were discovered to be 
younger than Tofta Formation and the same age 
as Slite “a” and “b” (Jeppsson, 2008). The 
Hangvar Formation is composed of what was 
once the upper part of the Tofta Formation and 
the former lowest part of Slite Group known as 
Slite “a” and “b”, and are bounded below and 
above by unconformities (Jeppsson, 2008). 
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The Hangvar Formation, based on conodont 
zonation (Ozarkodina sagitta rhenana subzone 4 
and 5), has been dated as middle Sheinwoodian. 
It represents the third sequence in the Wenlock of 
Gotland that ends with an erosional surface and 
reef generation (Jeppsson, 2008). Jeppsson (2008) 
describes two members within the Hangvar 
Formation (the lower and upper members). The 
lower one is argillaceous and accessible in distal 
areas. The upper one includes reef and associated 
deposits and is located SE and NE of Visby, as 
well as near eastern Fårö. 
 The biostratigraphic subdivision between 
the Hangvar Formation, Tofta Formation and the 
Slite Group is based on the absence of two similar 
conodont faunas. One is Kockelella ranuliformis, 
which is common in older faunas but not in 
Hangvar. The second one, Kockelella walliseri 
can be found more frequently in the younger 
faunas (Slite Group) (Jeppsson, 2008). Another 
reliable conodont marker is Walliserodus. It is 
found in collections from the lower Hangvar, but 
not present in the upper Hangvar unit and in 
marly areas where Ozarkodina martinssoni is 
rare, distinction between subzone 4 and 5 is only 
based on Walliserodus conodont range (Jeppsson 
2008). For exact conodont collection locations 
see (Jeppsson, 2008, p. 36). 
 
4.6 Slite Group 
 
The Slite Group has a large outcrop area and is 
composed of two main lithofacies types. The first 
one is stratified limestone along with bioherms in 
the northern parts of the outcrop belt. The second 
one is marlstone interbedded with argillaceous 
limestone in the southwestern parts of the outcrop 
belt (Hede, 1960; Laufeld, 1974). Bedded 
limestones within Slite are composed of crinoidal 
and bryozoan debris and become more 
argillaceous towards South-Western direction 
(Laufeld and Bassett, 1981). The outcrops of the 
Slite Group are scattered across an area that is 
approximately 20 kilometers wide and 115 
kilometers long (Fig.2; Jeppsson, 1983). 
Originally Hede (1960) subdivided the Slite 
Group into seven units a, b, c, d, e, f, g, which he 
referred to as members. In the revised 
stratigraphic scheme (Jeppsson 2008) “a” and “b” 
of the Slite Group form part of the Hangvar 
Formation. The first occurrence of the conodont 
Kockelella walliseri on Gotland is in the basal 
Slite Group (Jeppsson, 2008). Another conodont 
present in the basal Slite is Hindeodella sagitta 
rhenana (chiefly present in the Hangvar 
Formation) (Aldridge, 1975). The topmost part of 
the Slite Group is a thin unit rich in fine-grained 
siliciclastic, named Fröjel Formation by Calner 
(1999). The Fröjel Formation includes the 
Svarvare Mudstone and Gannarve Siltstone 
members. The thickness of Fröjel Formation is 
estimated to be between 9 and 11 meters (Calner, 
1999). The total thickness of the Slite Group was 
calculated by Hede (1960) to be approximately 
100 meters. According to Jeppsson (2008), the 
Slite Group is much thicker than thickness 
previously specified by Hede. 
 
5 Core Description  
 
5.1 Lithology, Gamma ray API and 
Carbon isotope stratigraphy  
 
Lithological description, Gamma ray API and 
δ13C data were used to study the Tallbacken-1 
core. Carbonate microfacies were defined based 
on the sedimentary characteristics with respect to 
Dunham (1962) classification. Gamma ray meas-
urements were evaluated to better understand the 
stratigraphic variation in lithology and sedimen-
tary cyclicity. Microfacies recognition from the 
core may be reflected in the gamma ray signa-
tures, which in return can lead to interpretation of 
sedimentary cycles with relation to changes in 
sediment supply and relative sea level (Krassay, 
1998). The δ13C data provides a reference for cor-
relation with other sections. 
 Based on the observed stratigraphic varia-
tion in the carbonate microfacies, the core can be 
subdivided into five broad microfacies associa-
tions. These are named, in ascending order; A – 
Mudstone-Wackestone Association, B – Wack-
estone-Packstone Association, C – Floatstone-
Rudstone Association, D – Boundstone Associa-
tion, and E – Packstone-Grainstone Association.  
 
5.1.1 (A) Mudstone-Wackestone Association  
 
An interval with a strong dominance of the 
Mudstone-Wackestone microfacies between 
50.28 m and 42.03 m is here referred to as the 
Mudstone-Wackestone Association. It consists of 
a limestone-marl alternation that is yellow and 
yellowish brown in color; sporadically grey and 
bluish grey. It is mainly composed of alternating 
mudstone and wackestone with occasional 
occurrence of packstone beds. It includes a small 
number of thin, sharp-based tempestite beds that 
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Fig. 4. Thin section composition representing marine invertebrates occurring throughout the studied core. Each letter (A-E) 
corresponds to the stratigraphic section that each thin plate belongs to. Key: Al – algae, Br – bryozoan, Ce – cephalopod frag-
ment, Cr – crinoid, E – echinoderm fragment, G – gastropod, Mn – monograptus fragment, Os – ostracod, Rc- rugose coral Tr – 
trilobite. In thin section “A” notice most likely open-marine pelagic sediment with white patches of calcium carbonate cement 
surrounding the coral, some of which are recrystallized. “B” notice evidence of micrtization present on the trilobite pieces, their 
surface is uneven due to microborings. Looking at thin section “C” we observe perfectly preserved trilobite piece known as 
“Shepherd’s crook” surrounded by micritic, dark organic material of uncertain affinity. Sparry calcite cement rims are growing 
on the dark material and the bryozoan piece present. “C” notice a plant lookalike (Charophyta?) fragment in the bottom right 
part of the thinsection. At the top left corner, we observe an ostracod filled with calcite cement along with other skeletal frag-
ments surrounded by the same cement. Thin section “D” represents multiple thin wall ostracods with majority being single 
valve, settled in soft muddy sediment accompanied by a few thick wall cement filled ostracods. Notice spikes that would pre-
vent them from sinking. Sample “D” is recognized as a bioclastic floatstone with bryozoan, ostracod, echinoderm, trilobite and 
calcifying algae pieces. Thin section “E” shows reworked pieces of trilobites, ostracods, mollusks and echinoderms. Notice 
what looks like monograptus towards the left side of the thinsection. Sample “E” represents another set of reworked fossils in-
cluding algae, gastropod, crinoid and echinoderm pieces.  
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are either packstone or grainstone in composition. 
The tempestite beds as well as systematic 
packstone deposits vary from 3-10 cm in 
thickness. Within this section there is an 
abundance of microscopic trilobite cephalon 
fragments, occasional brachiopods and coral 
pieces (Fig.4 A) inside thin layers of storm 
deposits (Fig. 5 C-D). 
 The beginning of the gamma curve in the 
Mudstone-Wackestone Association (Fig.10) starts 
with the lowest value on curve being 33 API 
(American petroleum industry unit). The values 
show an increasing Gamma ray trend associated 
with the grains fining upward within this core 
section. The highest value reaches 79 API, but the 
rising trend continues onto the next facies 
association.  
 In the δ13C record (Fig. 11.) a significant 
drop has been observed from the highest δ13C 
value of +2.19‰ to a -1.26‰ within Mudstone-
Wackestone Association of section A. This is the 
largest change measured in this carbonate excur-
sion. There is no other δ13C record of this magni-
tude from the early Wenlock period other than 
ESCIE that showed a rapid, negative isotope 
change. Therefore, it is most likely associated 
with the end of the Ireviken Event. After this ini-
tial drop, the curve slowly rises. There are a few 
fluctuations from positive to negative ‰ Vienna 
Pee Dee Belemnite standard (V-PDB). The curve 
rebounds to a value of +0.23 ‰ but is followed 
by another drop to -1.02 ‰. 
 
 
Fig. 5. Slabs from the Mudstone - Wackestone facies association (section A) of the studied core. A-D is the order of the de-
creasing depth from the bottom of the core, 49.9 m; 49.1 m; 47.9 m; 44.5 m. respectively. Br – bryozoan, C – coral, T- tem-
pestite deposit. 9 – one of the zones used for C13 sampling. Slab “A” is a typical wackestone with mud supported matrix, con-
taining multiple microscopic skeletal fragments. Notice a tempestite deposit in the middle with larger size skeletal fragments in 
comparison to the wackestone. Slab “B” represents a fragment of consecutive transition from laminated deposits to what looks 
like turbidites. Slab “C” represents a potential hardground with smooth upper surface along with encrusted bryozoan. Slab “D” 
represents tempestite deposits. Notice large clasts, skeletal fragments and sharp lower contact.  
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5.1.2 (B) Wackestone – Packstone Association 
 
Between 42.03 m and 32.23 m, the core consists 
of limestone and marlstone that are grey to bluish 
and brownish grey, sporadically dark grey, in 
places yellow and yellowish brown to light 
brown. The first noteworthy packstone and 
grainstone beds are found here. Mudstone/
wackestone to packstone/grainstone beds are 
alternating in this facies association. A majority 
of argillaceous deposits are located at the bottom 
of this section and the amount of grain supported 
deposits increases towards the top. There are a 
few tempestite beds in the lowermost portion that 
are composed of packstone. The microfacies 
presented in Figure 6-C represent the thickest 
tempestite deposit (17 cm) and seems to have 
been produced by a significant storm episode or a 
few consecutive episodes due to bioturbated 
fragments of corals, bryozoans, cephalopod and 
vast amount of trilobite pieces present. Fossils are 
abundant in the bottom part of this section, some 
even visible with the naked eye (Fig. 6 A). There 
are abundant trilobite cephalon fragments present, 
accompanied by disarticulated brachiopod, 
bryozoan and coral fragments, although smaller 
in size in comparison with skeletal debris present 
within the tempestite beds. 
 In the bottom part of this facies association, 
the gamma ray values drop to 38 API but the 
general dirtying-up trend is pronounced. The 
highest value is reached at 104 API and is linked 
to the maximum flooding surface and maximum 
accommodation space at 39-meter core depth. 
From that point on, there is a steady decrease in 
the gamma values on the curve, associated with 
cleaning-up trend, showing that there is 
successively less argillaceous matrix in the rocks. 
Fig. 6. Slabs from the Wackestone - Packstone facies association (section B) of the studied core. A-D is the order of the decreas-
ing depth where A and A’ are two parts of the same slab with depth of 42.1 m (A’ 42m); 41.1m; 35.5 m; 34.1m. respectively. Br 
– bryozoan, C – coral, Ce – cephalopod, T- tempestite deposit. In slab C notice lamination at the bottom half of the examined 
piece followed by mixed skeletal fragments of corals and bryozoans as well as a cephalopod piece that stayed open during this 
event of rapid deposition. Looking at the quality of preservation of the fossil fragments within the above slabs it is obvious that 
17 
It reaches the lowest value of 26 API for this 
section at 32 and continues onto the next facies 
association. 
 At the beginning of the Wackestone - 
Packstone Association, values of δ13C drop to -
1.02 ‰. The excursion stays within negative δ13C 
values until a minor rise to a value of +0.43‰ at 
36.67 - meter core depth, and then becomes nega-
tive again at a value of -0.48‰ within the same 
one meter interval at 35.84 m. The excursion rises 
to 0.20‰ at 35.22 m and falls into negative val-
ues above 34.97 m until the end of this facies as-
sociation at 32.23 m. 
 
5.1.3 (C) Floatstone – Rudstone Association 
 
The majority of the core section between 32.23 m 
and 16.26 m is represented by rudstone, with well 
abraded bioclasts, and subordinate floatstone, 
packstone and grainstone, mostly brown to light 
brown, greyish brown, grey and light grey in the 
beginning of this section. The upper part is pre-
dominantly light brown, brown and light greyish 
in places with its very top part being greyish 
white to greyish blue. Significant amounts of bry-
ozoans are present throughout the entire section 
with an increasing trend towards the top part (Fig. 
7 D). In the lower parts of this association are 
trilobite fragments. These are commonly known 
as “shepherd’s crook” structures (Fig.4 C), along 
with some small shells, stromatoporoids, and cor-
al pieces (Fig.7 A, B). The upper part of this sec-
tion shows a variety of fossil fragments and intra-
clasts that are made of trilobite cephalon pieces, 
red crinoidal debris, along with small  
coral parts and abundant bryozoans (Fig.7 D). 
 The gamma ray values show a drop to 10 
API at 30.65 m core depth, marking the end of 
the cleaning-up trend from the underlying Wack-
estone-Packstone facies association. The values 
increase rapidly to a 42 API after the drop. Aside 
from that instance, the gamma ray values stay at a 
low API value between 9 and 23 for the next 7 
meters. This is associated with consistent rud-
stone microfacies within this part of the core. At 
23.75 m the gamma values start to increase up to 
44 API at 22.54 m and initiates a minor cleaning-
up episode with the value dropping to 10 API at 
19.27 m. At the end of this facies association, 
gamma value gradually reaches 33 API at 17.00 
m which aligns with a microfacies transition. 
 The δ13C ‰ curve continues to decrease in 
value, which is observed in the upper part of the 
Wackestone-Packstone facies association until a 
slow constant increase initiates at 30.53 m. The 
spike visible in the excursion at the beginning of 
this section is not considered due to the fact it 
was drilled in a marly part of the core. At ca 21.6 
meters core depth, there is a high point in the ex-
cursion reaching from 0.39‰ to 0.79‰. Conse-
quently, the δ13C ‰ curve drops again, although 
Fig. 7. Slabs from the Floatstone – Rudstone facies association (section C) of the studied core. A-D is the order of the decreas-
ing depth: 31.9 m; 29 m; 25 m; 18.2 m. respectively. Br – bryozoan, C – coral, G – gastropod, St – stromatoporoid. Notice a 
significant increase in biological components with slab D being the most significant pure carbonate. 
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Fig. 8. Slabs from the Boundstone facies association (section D) of the studied core. A-D is the order of the decreasing depth 
where AandA’ are two parts of the same slab from 15.1 m; 11.3m; 11 m; 5 m. respectively. Br – bryozoan, C – coral, Cr – cri-
noid, St – stromatoporoid. Notice black pebbles in slab B. Slabs C and D show well developed stromatoporoid structures. Slab C 
seems to have a cavity fill developed during subaerial exposure and followed by karstification. Slab D also shows cavity fills 
that give an impression of close to water surface conditions. 
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remains in a positive value without much fluctua-
tion until it reaches the second-highest point. It is 
an increase from 0.34‰ at 17.74 m to 0.73‰ at 
17.17 m in the upper part of  
Floatstone-Rudstone facies association.  
 
5.1.4 (D) Boundstone Association 
 
This part of the core is an 11.40 m long interval 
composed mostly of reef limestone, that is bound-
stone, between 16.26 m and 4.86 m. The litholo-
gy is light grey and bluish grey in the lower part 
with some grey, light brown and pinkish brown 
accents. The upper part of this core interval is 
grey and light grey to become mostly light brown, 
brown and light grey in places at its very top. 
This is where first in situ reef deposits occur  
(Fig. 8). This association can be subdivided in to 
two parts; one lower unit being 4.5-meter-thick 
with a thin subordinate layer (11 cm) of rudstone 
within. The upper unit is a little thinner, which is 
approximately 2.5 meters thick. Both boundstone 
units are divided by a 4.5-m-thick unit of alternat-
ing rudstone, floatstone, packstone, grainstone 
and a thin layer of mudstone. A disconformity is 
present between 11.32 m and 10.89 m within sec-
tion D (Fig. 8 C, C’). Based on dissolution fea-
tures and large sparry calcite fillings, the discon-
formity was formed by meteoric diagenesis and is 
a paleokarst surface. It has cut through stromato-
poroid boundstone surrounded below and above 
by compacted debris of bryozoan and coral frag-
ments along with occasional crinoids. Spaces be-
tween grain supported allochems are filled with 
white sparry calcite cement. This could be due to 
aragonite and high magnesium calcite being sus-
ceptible to dissolution with meteoric water into 
low magnesium calcite. It is also shown by a neg-
ative δ13C shift in the data which could be caused 
by involvement of 13C depleted water.  The top of 
this section is composed of another stromato-
poroid assemblage (Fig. 8 D, D’). 
At 16.77 m the gamma ray values decrease to 13 
API at the lowermost portions of this facies asso-
ciation. The gamma values stay low but stable in 
this reef facies association and are interpreted as a 
second aggradation episode. The curve shows a 
minor decrease in values up to 6 API until 11 me-
ters depth. At this point a rapid gamma spike has 
been observed, and is associated with a dirtying-
upward occurrence and gamma value reaching 93 
API at 8 meters depth. This is followed by a rapid 
decrease to 15 API and initiation of another rapid 
dirtying-up of lesser magnitude ending at 62 API 
with facies transition. 
 Within the boundstone association of sec-
tion D, the δ13C values are steadier and stay in a 
range between +0.32 ‰ and +0.76 until 10.98 m. 
At that point, a drop occurs from +0.76‰ to 
+0.03‰ which is associated with a disconformity 
with the inferred paleokarst. From there, the 
curve slowly builds up to a value of 0.43‰ fol-
lowed by another decrease to 0.03‰ at 7.84 m. 
This is followed by another increase to 0.44‰ at 
7.31 m and another drop to 0.21‰ at 6.73 m. The 
last minor increase of the values within the 
boundstone association brings it up to 0.34‰ at 
5.17 m. This is a starting point for the last major 
descent in the  carbon excursion and marks the 
endpoint for this section. 
 
5.1.5 (E) Packstone – Grainstone Association 
 
This 4.85-m-thick part represents the uppermost 
part of the core. It is composed of alternating 
grainstone, floatstone and rudstone; the last one is 
not present at all in the upper part of this interval. 
The colors are light yellowish brown to brown, or 
grey and light grey to brownish grey. Higher up 
in this core interval it becomes more darkish grey 
Fig. 9. Slabs from the Packstone-Grainstone facies association (section E) of the studied core. A-C is the order of the decreasing 
depth where BandB’ are two parts of the same slab with depth of 4 m; 2.1 m; 0.4 m. respectively. Br – bryozoan, C – coral, St – 
stromatoporoid.  Notice how biological components decrease from level presented in Slab A to just a few B and C.  In slab C 
notice recrystallized bryozoans. 
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Fig. 10. Sedimentary profile showing the stratigraphic variation of carbonate microfacies in the Tallbacken-1 core along with 
gamma ray log data from the well.  Matrix-rich microfacies such as mudstone and wackstone are associated with high gamma 
values whereas clean limestone such as grainstone, rudstone and boundstone are associated with low gamma values. Thus,the 
variation in the carbonate microfacies are mirrored by changing gamma values. Based on the combined data, five microfacies 
associations can be recognized. Note that frequent tempestite (storm) deposits are associated with depositional environments 
near –the storm weather wave base (SWWB) while being absent above the fair weather wave base (FWWB). The inferred 
boundary between the Hangvar Formation and the Slite Group is marked with a dotted line. 
21 
to greenish brown in places and pinkish brown to 
reddish brown at its very top. At its basal part, the 
abundance of fossils is still high (Fig.9 A). There 
are bryozoans, single gastropods and coral struc-
tures present, though it is noticeable that at the 
top part of this core section the fossil amount sig-
nificantly decreases. Of the few uppermost pieces 
within core, one preserved a small amount of re-
crystallized and cemented bryozoan fragments. 
 Within this section the gamma ray curve 
ends since measuring started first at 3.96 meters 
below the ground surface. The values slowly in-
crease to 68 API and shows a decrease that fol-
lows to the end of the curve and a value of 48 
API. This interval is too short to describe any fur-
ther details, although the trend clearly shows di-
rection towards the low API values once again. 
 Another descent in the carbon excursion to 
-0.67 is visible between 5.17 m and 3.32 m. That 
is also where the packstone - grainstone associa-
tion of section E begins. Even though there is a 
small rebound after the initial descent, the values 
for this interval stay negative until the very top of 
the studied core with last recorded value of -0.59 
‰ V-PDB. 
 
6 Discussion 
 
The various microfacies and microfacies associa-
tions described above represent depositional faci-
es from different depositional depths within the 
carbonate platform. In order to interpret them in 
terms of bathymetry they need to be related to a 
carbonate platform model. The ‘carbonate ramp’ 
is a morphological variation of a carbonate plat-
form and was first introduced by Ahr (1973). The 
term was later expanded and divided into homo-
clinal and distally steepened ramps, respectively, 
by Read (1980, 1982, 1985). The difference be-
tween the two types lies in their slope proximity 
and angle. Homoclinal ramp, as the name sug-
gests, has a uniform dip of its slope towards the 
basin, whereas a distally steepened ramp features 
a steep, distal slope into deep water (Wright, 
1986). A major part of the Slite Group was inter-
preted as representing a low angle or homoclinal 
ramp by Jacobsson (1997), due to the lack of re-
deposited sediments in deep water, slope break or 
any deep basin sediments present.  
 The homoclinal ramp model is used below 
in the interpretation of microfacies and their dep-
ositional environment. The model includes three 
distinct depositional environments. These are the 
outer ramp, below storm wave base, the middle 
ramp between storm wave base and the fair 
weather wave base, and the inner ramp, above the 
fair weather wave base.  
 
6.1 Interpretation of microfacies 
associations 
 
The paleoenvironment of Mudstone - Wackestone 
facies association (A) of the core, based on the 
abundance of matrix supported microfacies and 
microscopic skeletal fragments along with occa-
sional thin graded beds (Fig. 5), is recognized as a 
low energy outer ramp of a carbonate platform. 
The thin graded beds have a sharp base and are 
interpreted as small scale turbidites. It is below 
the storm weather wave base and distal from the 
platform itself, which explains its main composi-
tion being mudstone and wackestone. Larger bio-
clasts are preserved within packstone tempestites, 
which the occurrence suggests episodic storm 
currents.  In this precise scenario the outer ramp 
does not represent great water depth due to its 
existence within an epeiric sea. 
 Wackestone - Packstone facies association 
(B) is interpreted as a low to moderate energy 
middle ramp environment. An increased number 
of tempestites with larger fossil fragments and a 
decrease in the occurrence of mudstone and 
wackestone suggest conditions of an increased 
energy. The material has been deposited above 
the storm wave weather base, although probably 
quite near it and below fair-weather wave base. 
Within this section the sediments are bioturbated 
and burrowed trilobite fragments are present (Fig. 
4 B). The tempestite beds are coarser-grained and 
graded as noticeable in Fig.6 C.  
 Floatstone - Rudstone facies association  
(C) represents a depositional environment of 
mixed energy, inner ramp reef slope. Its bottom 
part has a slight variation between grainstone and 
floatstone below fair-weather wave base, but it is 
mostly composed of fossiliferous rudstone that is 
above fair weather wave base. The fossils are 
well preserved in the upper part of the section and 
have not been transported far from their source, 
which indicates near in situ conditions (Fig. 7 D).  
 Boundstone facies association (D) is recog-
nized as mixed energy inner ramp reef setting. 
Originally composed of mostly bindstone and 
rudstone, it was interrupted by the paleokarst dis-
conformity that marks a shift in deposition. It cor-
relates well with gamma spike corresponding to 
the beginning of a transgression stage (Fig.10) 
and a negative shift in δ13C data (Fig. 11). Pres-
ence of packstone, grainstone and floatstone 
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Fig. 11. Sedimentary profile of the studied Tallbacken-1 core along with the δ13C isotope record and a general relative sea level 
curve.  The steady decline of δ13C values in the lowermost part of the core, from ca 2 permil to -1 permil, is interpreted as the 
falling limb of Early Sheinwoodian Carbonate Excursion (ESCIE). This means that the core section does not penetrate strata of 
the Ireviken Event, rather its early post-extinction strata and recovery phase. The sea level curve is based on observations of 
facies transitions, tempestite proximality analysis, bed thickness and fossil content, and reflects the progradation of a carbonate 
platform with reefs into the basin, that is, an overall relative regression. 
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above the erosional surface correlates to an in-
creased water depth. The upper part of the section 
is again composed of rudstone and bindstone. 
 Packstone - Grainstone facies association 
(E) is interpreted as a low energy, inner ramp la-
goonal facies. At the bottom of this part there are 
a couple of rudstone beds mixed with less fossil-
iferous grainstone. The fossils are scattered and 
seem to be washed into this section. Looking to-
wards the top part, the rudstone are replaced by 
floatstone beds and the amount of organic materi-
al significantly decreases.  
 
6.2 Sea-level history 
 
The carbonate microfacies associations of the 
Tallbacken core (Fig.11) show a general shallow-
ing upward, which reflects a relative regression 
and progradation of the carbonate platform.  
In the lowermost part of the core, within the 
Mudstone-Wackestone microfacies association, 
the data shows the relative sea level rise linked 
with a period of transgression. Then, within 
Wackestone-Packstone microfacies, the fining 
upward trend reflecting transgression and retro-
gradation ends with Maximum Flooding Interval 
at 39 m depth. For the next 8 m of the core sec-
tion, we've observed a cleaning upwards trend 
within the same microfacies. It is associated with 
progradation and sea level drop. For the next 19 
m microfacies reflect a short aggradation episode 
and a slow paced regression associated with slow 
falling of sea level that ends at the transition be-
tween Boundstone Facies Association and Pack-
stone-Grainstone Facies Association. At the 11 m 
deep, where Packstone-Grainstone Facies begin, 
there is sharp transgression episode associated 
with a shallowing followed by a rapid flooding 
until 8 m deep. At 6 m deep there is a transgres-
sion episode associated with a steady sea level 
rise. 
 A wide range of sea-level curves have been 
published for the Silurian period; e.g. Johnson 
(1996), Loydell (1998), Azmy et al. (1998), John-
son (2006), Haq and Schutter (2008), Spengler 
and Read (2010) among others; for a compilation 
see Munnecke et al. (2010, fig. 2).  During the 
entire Silurian system, there were a total of ten 
sea-level high stands according to Johnson 
(2010), but according to the sea level curve by 
Haq and Shutter (2008) there were fifteen high-
stands during that time.  
 During the Sheinwoodian Stage, Johnson 
(2006, in Fig.1) showed sea level falling from an 
elevated level to a low-stand marked throughout 
the Ireviken Event. Analogically Loydell (1998) 
wrote about a sea level highstand followed by a 
drop, that was initiated in the murchisoni grapto-
lite Biozone (early Sheinwoodian) and ended in 
the ricartonensis Zone (mid Sheinwoodian). A 
sea level rise occurred within the ricartonensis 
Zone that was reported by Loydell (1998) and 
Johnson (2006). According to Loydell, there was 
a sea level fall near the ricartonensis Zone upper 
boundary, but Johnson (2006) showed it already 
occurring in the rigidus-pernei graptolite Zone. 
Both authors agree there was a sea level fall dur-
ing that time, with a minor zonation disagree-
ment. A sea level rise that started after in the rigi-
dus-pernei Zone, continued into the Homerian 
stage of Wenlock according to Johnson (2006, 
Fig.1). According to Munnecke et al. (2010) the 
sea level was rising in the early Silurian and 
dropped in late Silurian.   
 It’s difficult to correlate these sea level 
fluctuations with the Tallbacken-1 core, however 
it does follow the pattern presented by Johnson 
(2006) during the Wenlock high stand. The sea 
level rise within the ricartonensis Zone can’t be 
seen in the Tallbacken-1 core, although Johnson 
(2006) mentions a minor regression that follows. 
Consequently, this is analogical to the 39th meter 
depth where transgression ends and is followed 
by a regression. At 11 meters core depth we have 
observed karstification feature followed by rapid 
flooding that is associated with sea level rise and 
is acknowledged by Johnson (2006) in the rigidus
-pernei Zone. This would agree with highstand 
continuing to the early Homerian according to 
Johnson (2006) just interrupted by transgression 
and regression occurring between 11th and 6th 
meter of the core. Calner and Säll (1999) de-
scribed a sea level drop of minimum 16 m that 
took place during the Late Wenlock period asso-
ciated with the uppermost C.Lundgreni graptolite 
Zone. This event most likely ended the early Ho-
merian highstand trend. 
 As stated earlier, there has been a vast 
amount of Silurian sea level curves published in 
the past years (Munnecke et al. 2010) and they 
don’t agree on the range of fluctuation during 
Silurian. For that reason, they can only be consid-
ered as general guidelines and not be used when 
working within smaller strata intervals. It would 
require further investigation to determine the ex-
act scale that should be used for comparison of 
the Tallbacken 1 relative sea level with other lo-
cations.  
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6.3 Comparison of δ13C data 
 
The δ13C carbon record of the Tallbacken-1 core 
is detailed in contrast to many other isotope data 
sets published from the Silurian of the 
Baltoscandian basin (e.g. Kaljo et al. 1997; 
Loydell, 1998; Kaljo and Martma, 2006). A simi-
lar basin environment that is described in this pa-
per, based on the Tallbacken-1 core, was studied 
in the Priekule and Ohesaare drill cores from Es-
tonia by Kaljo et al. (1997). The δ13C values in 
the Tallbacken-1 core are not as high as those in 
the Estonian drill cores. It is beyond the scope of 
this study to answer the question of why it differs, 
but more importantly that there are some striking 
similarities present.  
 Both δ13C records described by Kaljo et al. 
(1997) have different δ13C values in comparison 
to those from Tallbacken-1, although the general 
trend is similar. At the beginning of the δ13C rec-
ord from Gotland, there is a significant decrease 
in δ13C that occurs within the lower Mudstone-
Wackestone Association of the core. The initial 
δ13C drop visible in the lowermost sample in 
Tallbacken-1 is of smaller magnitude than in Es-
tonia, but it can be related to negative changes in 
the early Sheinwoodian record from the Ohesaare 
and Priekule cores, which is +4.2‰ to -1.84‰ 
and +3.1‰ to -0.23‰, respectively (Kaljo et al. 
1997).  It is difficult to pinpoint further changes 
that are similar between the cores mentioned 
above, but what is clear, is the minimal variation 
visible in the δ13C values in all three isotope 
curves in the aftermath of the Ireviken Event. 
Question arises if changes seen in the δ13C record 
from the Tallbacken-1 core are of local phenome-
non and did not occur widely throughout the 
Baltoscandian basin. The δ13C record from 
Priekule shows that in deeper water the isotope 
curve is much smoother (Kaljo et al. 1997). This 
explains why values representing the period just 
after the ESCIE in the Priekule core (shelf de-
pression), present a small amplitude between neg-
ative and positive changes within carbon record. 
δ13C values from the same time interval in the 
Ohesaare core (shallow shelf) strengthen this hy-
pothesis as they are slightly more elevated and 
vary more in comparison to those of the Priekule 
core record. Analogically the isotope values from 
Mudstone-Wackestone Association of the 
Tallbacken-1 core are lower due to their origina-
tion in deeper water (outer ramp).  
 According to Cramer et al. (2010a) and 
Lehnert et al. (2010), ESCIE on Gotland begins 
with` a shift to higher δ13 values within Lower 
Pterospathodus procerus conodont Zone. This is 
deducted from Cramer’s logical reasoning on de-
fining the start and end of the ESCIE. One should 
simply pick a point that marks the maximum pos-
itive rate of change and defines the increasing 
limb of the excursion at its onset (Cramer et al. 
2010a). Analogically the end of the excursion 
would be where the isotope values drop below the 
previously defined starting point, which is in the 
basal Slite Group and in the Lower K. walliseri 
Zone on Gotland. Munnecke (et al. 2003) stated 
δ13C values from Gotland to reach positive 4.5‰ 
V-PDB at the peak of the excursion. Cramer 
(2010a) stated that the δ13C values averaged at a 
level of +1.5‰ before the ESCIE started on Got-
land. In the Tallbacken-1 core the highest record-
ed δ13C value is 2.19‰ in the lowermost section 
of the core. It then decreases steadily upwards 
through the lower 6 m of the core. This means 
that the very bottom of Tallbacken-1 core (50.28 
– 44 m) would represent the falling limb of the 
ESCIE. According to Cramer et al. (2010b) the 
falling limb of ESCIE starts in the Tofta For-
mation and continues through the Hangvar For-
mation and into the basal Slite Group, which then 
is present in the lowermost meters of the 
Tallbacken-1 core. The boundary between se-
quences VIb and VIc of Cramer et al. (2015) is 
placed at the Hangvar Formation and Slite Group 
boundary and is associated with δ13C values 
around 2permil (between the localities Halla-
grund 1 and Hallarna 6). If δ13C values are com-
pared directly and numerically between outcrops 
(Calner 2017 – personal conversation) and the 
Tallbacken-1 core, the boundary between VIb and 
VIc is likely to be in the lowermost ca 2 m of the 
Tallbacken-1 core. Hence, the very initial drop of 
δ13C values present in our data should reflect the 
end-part of the conclusion of this major δ13C ex-
cursion on Gotland. It is very plausible, but not 
certain though without more detailed investiga-
tion, perhaps even an extension of the Tallbacken
-1 core.  
 Based on the δ13C data from Ohesaare core, 
the Tallbacken-1 core corresponds to the marly 
section of the upper Jaani and Jaagarahu stages of 
Wenlock age. δ13C data from Priekule compared 
to Tallbacken-1 data links it to shale deposits 
within the Riga Formation.  
 
 While carbon isotope records are of great 
importance in understanding past climate and for 
stratigraphic correlation, further conclusions are 
25 
dependent on an understanding of the global car-
bon cycling (Saltzmann and Thomas, 2012).    
The understanding of this cycling is diminishing 
with increasing ageing of their records, and lack 
of reliable data on parameters such as ocean cir-
culation, thus making our knowledge in this field 
very limited (Saltzmann and Thomas, 2012). 
 
7 Conclusions 
 
The Tallbacken-1 core was drilled and recovered 
from Stora Vede in north-western Gotland. The 
core section has been studied with respect to car-
bonate microfacies, carbon isotope stratigraphy, 
gamma ray well logging, and faunal composition. 
 The core includes a succession of car-
bonate microfacies that were deposited in a shal-
low intracratonic carbonate platform context. 
Five depositional environments were recognized: 
low energy outer ramp, moderate energy middle 
ramp, high energy reef slope, high energy reef 
belt and a relatively low energy lagoonal setting. 
Relative sea level has been assessed with the help 
of gamma ray log trends and carbonate microfa-
cies. A moderate relative transgression ending 
with maximum flooding surface in the lower por-
tions of the core suggests that the relative sea lev-
el was rising in the 50.28-38 m interval. From this 
level, the overall depositional environment shows 
progradation of a reef system across the middle 
and outer ramp environments, before the reef 
tract was exposed to meteoric diagenesis and mi-
nor paleokarst formation, implying short lived 
exposure of the reef to subaerial conditions. The 
second sea level rise was rapid and observed at 11 
m core depth. It is associated with more argilla-
ceous microfacies rich in terrigenous matter 
above the paleokarst surface. 
 The δ13C data has been compared to similar 
records from the Priekule and Ohesaare drill 
cores studied by Kajlo et al. (1997). The three 
datasets show a similar trend related to a drastic 
fall in δ13C. The only documented event of this 
magnitude is associated with the Ireviken Event 
(the falling limb of ESCIE), which helps to con-
strain the stratigraphy of the Tallbacken-1 core. 
Combining gamma log data with δ13C is of great 
significance in understanding the ancient car-
bonate deposits and their environment, it also al-
lows us to correlate with other studies on a re-
gional scale. Further investigation should be con-
ducted for this data to be useful in global correla-
tion.  
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